Bronchial provocation testing with methacholine was undertaken in 15 
expiratory volume in one second (FEV1) to fall by 20% (PC20) in older children (aged 6-15 years, mean (SD) 10 1 (2-9)) able to perform both tests but these studies were not undertaken in a blind fashion. The present study was designed to investigate further this association in a properly controlled manner in the youngest cooperative children and to incorporate observations on other physical signs and oxygen saturation.
Patients and methods
The patients were 15 children aged 5 to 8 years with a mean (SD) of 7-1 (09) years. Their pertinent details, resting lung function, and transcutaneous oxygen saturation are listed in table 1. All but two of the children had asthma and all were being treated in the paediatric pulmonology clinic. The mean (SD) baseline FEV1 before the challenge was 92-9 (11-8)% predicted and no child had a value below 72%. Likewise no child was significantly hypoxic before the challenge with the mean (SD) saturation being 98 (1 9)%. Bronchial provocation with methacholine was requested as part of their routine evaluation and parental consent was obtained. All children were cooperative enough to perform maximal forced expiratory manoeuvres consistently. The methacholine chillenge procedure used was the tidal breathing method described by Cockcroft et al' during the course of which physical signs and saturation were recorded and lung function measured. The lung function measurements were performed by a trained pulmonary laboratory technician (LC) with experience in bronchial provocation testing in children. The chest auscultations were all performed by the same physician (NN) who is experienced in paediatric pulmonology. (%)   1  7  26  125  83  95  Asthma  T, B  2  8  24  126  72  98  Asthma  T, S, B  3  8  27  131  75  97   Bronchiectasis   4  7  23  119  103  98  Asthma  B  5  7  22  119  85  98  Immotile cilia syndrome B  6  5  19  116  89  99  Asthma  B  7  7  23  120  97  98  Asthma  T, B  8  8  26  126  104  100  Asthma  B  9  7  26  116  96  98  Asthma  C, B  10  8  23  126  88  100  Asthma  T, S, B   11  8  35  135  89  93  Asthma  T, S, B  12  6  26  120  121  100  Asthma  S, B  13  7  23  123  96  99   Asthma  C, B  14  7  22  121  94  97  Asthma  B  15  6  17  112  101  100  Asthma  S 
Results
The individual results for PC20 and PCW are given in table 2. For the group as a whole the numeric equivalent of the mean of the logPC20 was 0-51 mg/ml with the mean +1 SD of 2-16 and the mean -l SD of 0-12 mg/ml. The equivalent values for the PCW was 0-81 mg/ml with + 1 SD and -1 SD values of 3'32 and 0-20 mg/ml. The difference between the logPC20 and logPCW was significant (p<0 001). The association between the PCW and the PC20 for the individual children plotted on a logarithmic scale is shown in the figure. There was an excellent correlation with the value for r being 0-964 but the PCW values were higher than the (SD)% fall in FEV, at the methacholine concentration at which wheezing was first detected was 33-3 (7-4). The physical signs and changes in respiratory and heart rates and oxygen saturation found on auscultation at the methacholine concentration at which wheezing appeared are also listed in table 2. The respiratory rate increased from baseline values by a mean of 8 breaths/minute (range 0-28) but only three children had a rise of more than 12 breaths/minute. Heart rate increased in 10 children, the maximum increase observed being 31 beats/minute, and decreased in the remaining five children with an overall mean rise in heart rate of 7 beats/minute. In eight children mild coughing had appeared coincidental with the wheezing, two developed mild retractions, and crepitations were heard in four. Oxygen saturation showed a mean (SD) decrease of 5 2 (3¢1)% from the baseline value after the buffer inhalation. The lowest oxygen saturation recorded in any child was 88%. In all but one instance, where the oxygen saturation fell below 93%, there was an increase in the respiratory rate by more than 30 breaths/minute. In the one child, where the saturation fell to 89% but the respiratory rate only rose by 24 breaths/minute, there was obvious dyspnoea. All of the physical signs, changes in oxygen saturation, and changes in lung function responded promptly to the inhalation of salbutamol. There was no correlation between the changes in respiratory rate, heart rate, or oxygen saturation and either the PCW or the PC20. In some patients mild wheezing over the lung fields, localised crepitations, or transient coughing appeared before audible wheezing over the trachea but these signs did not correlate with either the final PCW or the PC20.
Discussion
This study has shown a high correlation between PC20 and PCW measured simultaneously in young children aged 5 to 8 years. In our previous study of children, who were on average three years older, we showed that the detection of tracheal wheezing by different observers was quite good with 80% complete agreement. 4 The results serve to validate further the method of bronchial provocation testing by means of tracheal auscultation for use in young children unable to cooperate with routine tests of lung function. The PCW induces a fall in FEV1 of more than 20% on average. However, neither the severity of the obstruction nor the mild hypoxia in some patients was of any clinical significance and in no instance did the test result in anything more than mild, transient discomfort. In order to compare the severity of the airways obstruction when wheezing was first heard with that normally encountered at the end of a standard metacholine challenge to determine the PC20, we examined the data from another 10 children of simliar age who had undergone a standard challenge. In these 10 children, whose mean equivalent of the logPC20 (0'47 mg/ml) was very similar to that in the present study, the mean (SD) of the fall in FEVI at the end of their challenge was 30-6 (6-7)% which was not significantly different from the fall in FEV1 in the present study at the conclusion of the challenge when wheezing was heard.
A decrease in transcutaneous oxygen tension in response to the inhalation of methacholine has been suggested by Mochizuki et al as a method of measuring bronchial reactivity as a result of a study in children with a mean age of 11 years.5 They showed a good correlation between the methacholine concentration causing the first fall in transcutaneous oxygen tension and that causing the first rise in respiratory resistance. However, as they did not relate their observations to any other measure of bronchial reactivity or to the clinical condition of their patients it is difficult to evaluate the method they described. In the present study the decrease in oxygen old with the PC20 in 34 asthmatic children of similar age and asthma severity, we found that the ratio PCW:PC20 was 1-39. In the present study the ratio PCW:PC20 was similar (1-52) for simultaneous measurements in the same children. When using the stepwise doubling concentration technique for bronchial provocation with methacholine, the greater concentration for the PCW represents one half step more than that for the PC20.
In the standard steady state method of bronchial provocation described by Cockcroft and colleagues,' which we used for our study, the results are expressed as the methacholine concentration causing a 200/o fall in FEV, (PC20). Some investigators prefer to express the results as the total cumulative dose of methacholine received (PD20). We therefore also calculated this parameter and the equivalent for the wheeze provocation study (PDW) and found that the correlation between them was very similar to that between PC20 and PCW: log PDW=0-991 xlog PD20+0163
with a correlation coefficient of 0-961. This calculation implies that PDW:PD20 is 1-46. In fact the simple comparison of PC20 (or PD20) with PCW (or PDW) is not strictly fair as it is possible that wheezing would have been heard at a concentration of methacholine lying between the PCW value and the previous concentration. The calculation of PC20 (or PD20) byextrapolationallows forsucha situation. If the PCW were reduced to lie between the last two concentrations of the series this would have the effect of subtracting 015 from the log. concentration and would reduce the mean difference between them to almost zero such that: PCW= 1-08x PC20 and PDW= 1-03 x PD20.
In conclusion we believe that the stethoscope can be used to detect wheezing over the trachea as the end point for bronchial provocation testing in young children during the quiet tidal inhalation of methacholine mixtures. In view of the observed mild hypoxia we think it prudent to suggest that the test should be performed by a trained physician, that the concentration of methacholine should be increased by half the usual amount when any of the clinical signs appears, and the test should be stopped if dyspnoea and/or tachypnoea appears, even if no wheeze is audible over the trachea.
